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77
The use of immunocapture and mass spectrometry add specificity to the identification of STX that 78 has not been achievable with techniques like enzyme-linked immunosorbent assays (ELISA) [ beads (Ab-bead) were placed on a magnet and were washed three times with 100 µL PBS-T,
145
discarding the wash solution each time.
146
Saxitoxin Incubation
147
To capture the STX from the spiked urine, 1.5 mg Ab-beads were added to 100 µL of STX urine 148 calibration standards, QCs, and a matrix blank. These solutions were incubated at 37 o C with 149 constant agitation at 1400 rpm for 60 mins. After incubation, the beads were immobilized with a 150 magnet and washed three times with 500 µL PBS, followed by a wash of 100 µL HPLC grade
151
water to remove any salts that might interfere with MS analysis.
152

Saxitoxin Extraction
153
The STX extraction solution was optimized by preparing three batches of Ab-bead as described The effects of extraction recovery were determined in the following way. Two sets of blank pooled 
Results and Discussion
226
To maximize recovery, the approach in developing the method was to optimize the amount of 227 antibody, the STX incubation time and the solution used for extracting the STX from the antibody.
228
This was followed by an investigation of specific versus non-specific binding. resulted in approximately 80% recovery (60 min: 79 ± 4%; 120 min: 81 ± 5%; 240 min: 75 ± 6%).
273
Sixty minutes was selected as the ideal incubation time to minimize sample preparation time while 274 maintaining relatively high extraction recovery.
275
Method performance characteristics with an 11.3% RSD, while the high QC (75 ng/mL) had an accuracy of 94.6% with a 12.6% RSD.
285
All accuracy and precision values were within the range recommended by the Food and Drug
286
Administration (Table 1 ) [45] . There were no detectable signals for the ninety-five convenience 287 urine samples analyzed or matrix blanks, which reflects that this is a highly selective diagnostic 288 test for STX exposure ( Figure 4B ).
14
The lowest reportable limit for the method was set at the lowest calibrator (STX concentration 290 1.00 ng/mL). The Taylor method was used to determine LOD by calculating the standard deviation 291 of the three lowest calibrators following 10 repeated measurements [46] . The standard deviations and precisions between 5.6% and 13% (Table 1) .
298
Finally, for method evaluation, ion ratios were calculated using the areas of the quantitation and 
303
Comparison of on-line, off-line and immunomagnetic separation methods
304
As a final step in the proof of concept, the new IMC-LC-MS method was evaluated against the caused by over saturation of the detector or over saturation of the Ab-bead. Another cause maybe 312 that the method was optimized at 75 ng/mL STX instead of at a concentration above 100 ng/mL.
313
Additionally we realized late in the method development that we were exceeding the binding 314 capacity of the protein G bead by more than double. While this did ensure full coverage of the 315 bead with antibody, it waste antibody and will be corrected in future development of this method.
316
Even with the difference in dynamic range, this method can measure clinically significant 317 exposures that have been seen as low as 9 ng/mL or more [37, 39] . In addition to having an 318 acceptable dynamic range with accuracy and precision within ±15%, the IMC-LC-MS method has 319 greater selectivity eliminating most of the background interference peaks from the matrix. Figure   320 5 shows an overlay of a 75 ng/mL urine calibrator analyzed using our previously developed on- Radioimmunoassay of paralytic shellfish toxins in clams and mussels. Bull. Environ. Contam.
460
Toxicol. 39, 264-271 (1987) . 
613
Comparison of chromatograms of matrix blank, 1 ng/mL calibrator, and low 7.5 ng/mL QC-L. 
